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(54) Optical fibres 



(57) An optical fibre 1 includes a structure, for example as part of the fibre core structure or of a coating 
thereon, such that the deformation of the core structure (bending or pinching) required for optical power 
coupling between modes can be achieved simply by producing changes in the pressure pertaining across 
the fibre transversely to its length, such as by squeezing the fibre between two smooth surfaces or 
changing the fibre tension. The structure may include means extending helically or in a snake-like manner 
with respect to the length of the fibre. A helically extending means may be comprised by a helical rib (2) of 
the coating. 
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The drawings originally filed were informal and the print here reproduced is taken from a later fited formal copy. 
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SPECIFICATION 
Optical fibres 

5 This Invention relates to optical fibres and in 
particular to optical fibres for use in sensor 
systems and non-intrusive optical fibre 
transmission networks, and to methods of 
making them. 

10 Many fibre systems make use of grating in- 
duced coupling between modes of progaga- 
tion. This requires a longitudinal spatial refrac- 
tive index perturbation of the optical wave- 
guide and is typically induced by pressing a 

15 length of rigid mechanical grating against the 
fibre. In some applications such as a distri- 
buted optical sensor the pitch of the grating 
may need to be varied along the full length of 
the sensing fibre and various means have 

20 been proposed, see for example GB Applica- 
tion No. 8222371 (Serial No. 2125572B)(R.E. 
Epworth-V.A. Handerek 24-1), to achieve this. 

According to one aspect of the present in- 
vention there is provided an optical fibre incor- 

25 porating a grating structure and such that the 
deformation required for optical power cou- 
pling between modes can be achieved by pro- 
ducing changes in the pressure pertaining 
across the fibre transversely to its length, the 

30 grating structure including means extending 
helically with respect to the length of the 
fibre. 

According to another aspect of the present 
invention there is provided an optical fibre in- 

35 corporating a grating structure and such that 
the deformation required for optical power 
coupling between modes can be achieved by 
producing changes in the pressure pertaining 
across the fibre transversely to its length, the 

40 grating structure including means extending in 
a substantially snake-like manner with respect 
to the length of the fibre. 

According to a further aspect of the present 
invention there is provided an optical fibre in- 

45 corporating a grating structure and such that 
the deformation required for optical power 
coupling between modes can be achieved by 
producing changes in the pressure pertaining 
across the fibre transversely to its length, the 

50 fibre including a core structure with a coating 
thereon, the coating being such that said pres- 
sure change results in a pinching-type defor- 
mation of the core structure. 
According to yet another aspect of the pre- 

55 sent invention there is provided a method of 
manufacturing an optical fibre such that the 
deformation for optical power coupling be- 
tween modes can be achieved by producing 
changes in the pressure pertaining across the 

60 fibre transversely to its length, the method in- 
cluding the step of providing means extending 
helically with respect to the length of the fibre 
and comprising a grating structure for the 
fibre. 

65 According to a still further aspect of the 



present invention there is provided a method 
of manufacturing an optical fibre such that op- 
tical power coupling between modes can be 
achieved by producing changes in the pressure 
70 pertaining across the fibre transversely to its 
length, the method including the step of pro- 
viding means extending in a substantially snak- 
elike manner with respect to the length of the 
fibre. 

75 Embodiments of the invention will now be 
described with reference to the accompanying 
drawings, in which: 

Fig. 1 illustrates an optical fibre with a heli- 
cal rib provided on its surface; 

80 Figs. 2a and 2b illustrates in a side view 
and a cross-sectional view respectively the 
fibre of Fig. 1 with no applied transverse 
pressure; 

Fig. 2c illustrates a side view of the fibre of 
85 Fig. 1 with a small applied transverse pres- 
sure; 

Figs. 2d and 2e illustrate a side view and a 
cross-sectional view respectively of the fibre 
of Fig. 1 with a large applied transverse pres- 

90 sure, and 

Figs. 3a and 3b illustrate in a side view and 
a cross-sectional view respectively double heli- 
cal ribs provided on an optical fibre, which 
double ribs produce pinching rather than bend- 

95 ing of the fibre as with a single rib when 
transverse pressure is applied . 

As mentioned above, mode coupling may 
be induced by pressing a fibre and a mechani- 
cal grating together. Alternatively, a periodic 
100 grating may be generated by a travelling 

acoustic wave excited by an electro-acoustic 
transducer. However, it is attractive to pro- 
duce the mode coupling by merely squeezing 
a portion of the fibre uniformally, such as be- 

105 tween two uniform surfaces, and this requires 
some form of grating structure to be associ- 
ated with the fibre or rather for the fibre and 
the grating structure to be incorporated in an 
optical fibre package. 

1 10 One possible method for achieving this is to 
incorporate the grating structure into the core 
structure of the fibre itself or a coating on the 
core structure as a helix of the same pitch as 
the required grating. In a fibre waveguide very 

1 1 5 little coupling occurs between two modes 
supported thereby unless the difference be- 
tween their propagation constants is very 
small. When the fibre is deformed such that it 
undulates with a longitudinal period which 

120 matches the beat length between the two 
modes then efficient mode coupling takes 
place. The beat length is the length of fibre 
over which two modes slip by one wave- 
length with respect to each other and is in- 

125 versely proportional to the difference in propa- 
gation constants. The beat length between 
modes varies with optical frequency, hence 
mode coupling only occurs at the optical fre- 
quency at which the beat length and the per- 

130 turbation length are matched. The coupling 
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falls with reduced matching. The perturbation 
length is the period of the fibre undulations 
i.e. the grating pitch. The frequency selectivity 
may be maximised by employing a sufficient 
5 length for the uniform surfaces between which 
the fibre package is squeezed and by minimis- 
ing the amplitude of the periodic deformations 
of the fibre. 
One possible embodiment of fibre is shown 

10 in Fig. 1 which illustrates an optical fibre 1 
with a grating structure incorporated into a 
coating thereon as a helical rib 2. A length of 
such a fibre is disposed between two plane 
surfaces 3 and 4 (Figs. 2a and 2b illustrate 

15 the arrangement with no pressure applied 
across the fibre). When there is applied pres- 
sure the pressure is applied to the high spots 
on the coating (where the surfaces 3,4 con- 
tact the rib 2) and the desired periodic stress 

20 is achieved (Fig. 2c). The greater the 

transverse pressure across the fibre the more 
the deformation (Fig. 2d and e). 

The single helical rib of Figs. 1 and 2 would 
be used when coupling between different or- 

25 der modes is required, for example fundamen- 
tal to first order or fundamental to a group of 
cladding modes, as this will result in the re- 
quired "snaking" stress distribution along the 
fibre. The great advantage of the use of a 

30 helical member is that it avoids the need to 
align the axis of the periodically deformed 
fibre coating with the surfaces which apply 
the pressure for the deformation. When a 
conventional fibre is deformed by a mechani- 

35 cal grating the fibre has to be correctly 
aligned therewith since in effect gratings of 
different pitches are achieved for different 
angles between the fibre and the mechanical 
grating. 

40 When the coupling is required between pairs 
of orthogonally polarised modes of the same 
order, for example between the two polarisa- 
tion modes in birefringent "single mode" 
fibre, the perturbation should be applied as a 

45 periodic pinching of the fibre core as opposed 
to snaking thereof .This may be achieved by 
using a double helix that is two . helical ribs 
5,6 (Figs. 3a and 3b). Pinching is achieved 
where indicated by the arrows in Fig. 3a be- 

50 tween opposite high spots on the coating. Bi- 
refringent fibre does have defined fast and 
slow axes so the sensitivity of this arrange- 
ment will vary with the relative orientation of 
the principal axes and the plane of the applied 

55 pressure. 

As indicated above the helical grating struc- 
ture may be applied either to the fibre itself or 
to a coating thereon. A single helix may be 
produced by spinning an eccentric preform 

60 e.g. with a single flat on one side, during fibre 
pulling. Whilst a double helix could be gener- 
ated similarly from a preform with a pair of 
opposed flats this is not -a suitable method of 
production for birefringent fibre, since spinning 

65 a birefringent fibre suppresses its bireffin-" 



gence. 

The helix may be more conveniently applied 
to a fibre coating. It may either be a raised 
helical ridge (rib) as shown in the drawings or 
70 a helical depression, the only requirement be- 
ing that of achieving helical eccentricity. This 
may be done whilst the preform is being 
pulled or during a subsequent operation. 
Various methods may be employed to pro- 
75 duce a grating in the coating. For example a 
coating nozzle through which the fibre is pass- 
ing may be made to move in a circular path 
(circularly oscillate) with respect to the fibre. 
This will cause the fibre to be offset and to 
80 follow a helical path within the coating. In the 
case of simple side to side oscillation of the 
coating nozzle a simple (non-helical) grating 
(sinuous grating structure) will be achieved and 
this could be used if the grating axis was 
85 aligned with the applied pressure and it could 
also be used with birefringent fibre if the grat- 
ing axis was aligned (45°) with the principal 
axes. If the fibre is much stiffer than the coat- 
ing, the fibre will be essentially straight with 
90 the coating following a helical path around it. 
When this coated fibre is pressed between 
two uniform surfaces the fibre will experience 
the periodic stress described above with refer- 
ence to Figs. 1 and 2. There will in addition 
95 be some helical deformation of the fibre but 
this will not interfere with the periodic stress- 
induced mode coupling. The pitch of the helix 
may be controlled and varied along the overall 
fibre length (as required for a distributed sen- 

100 sor) by setting the number of oscillatory 
cycles of the nozzle per unit length of pulled 
fibre passing through the nozzle. 

An alternative approach is to emboss a pre- 
viously coated fibre by heat softening and 

105 pressure deformation of the coating. For the 
simple (non-helical) grating the coated fibre 
may be passed between a pair of "cogs" 
which are either in mesh to produce a snaking 
(snake-like) deformation or teeth-to-teeth to 

110 produce a pinching deformation. A variation 
on this is to introduce regular nicks in the 
fibre coating. Axis alignment, needed if a sim- 
ple (non-helical) technique is used, can be 
made easier by flattening the modified 

115 (coated) fibre. This could be achieved in the 
same rolling process, as the coating is natu- 
rally displaced to the sides. Embossing of a 
helix may be achieved with two pairs of simi- 
larly shaped embossing tools disposed at right 

1 20 angles to one another and driven in quadra- 
ture. 

A pinching type deformation can also be 
achieved as a result of deliberately beading 
the coating by modulating the diameter of the 

125 coating nozzle, by modulating the vertical po- 
sition of the coating nozzle (and thus the coat- 
ing velocity) or by modulating the pressure of 
the feed to the nozzle. Alternatively the coat- 
ing curing could be modulated appropriately, 

130 for example for beading modulate the bright- 
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ness of a curing light source, or for a helical 
coating rotate the point of illumination around 
the fibre* This modulation could be electro- 
optical or mechanical. 
5 A further possibility is to helically apply 
(wind) an elongate element, or two elements 
for a double helix, around the optical fibre 
with the appropriate pitch for the required 
mode-coupling grating. Such additional ele- 

10 ments may be of glass if hot pulled, or nylon 
fibre, or wire for example. 

Any of the above described fibres structures 
may be made into a sensor by applying pres- 
sure transversely to the length of the fibre. 

15 The pressure may be achieved using parallel 
smooth plates, as described above, or by 
winding the fibre onto a deformable smooth 
mandrel which is expandible by air pressure, 
for example, and changing the applied air 

20 pressure- The technique proposed will allow a 
wide variety of means of applying the pres- 
sure as the axis is not critical. Alternatively 
changes in transverse pressure may be in- 
duced by changes in fibre tension, this result- 

25 ing in a more compliant transducer. Both 
squeezing and stretching a fibre will result in 
deformation of the fibre core due to the grat- 
ing structure, both producing changes in the 
pressure pertaining across the fibre 

30 transversely to its length. 

The fibre structures may also be employed 
in local area networks as non-intrusive net- 
work cables, eliminating the need to apply a 
grating at each network node. See for 

35 example our co-pending Application No. 
8526942 (Serial No. ) (RE. Epworth 
33). In the case of helically extending mem- 
bers providing the grating structure, the grat- 
ing is always aligned with the applied load 

40 whatever the orientation of the fibre, thus fa- 
cilitating use of the fibre. For birefringent fibre 
in particular it will be advisable to provide 
some form of orientation indication on the 
fibre. 

45 

CLAIMS 

1. An optical fibre incorporating a grating 
structure and such that the deformation re- 
quired for optical power coupling between 

50 modes can be achieved by producing changes 
in the pressure pertaining across the fibre 
transversely to its length, the grating structure 
including means extending helically with re- 
spect to the length of the fibre. 

55 2. An optical fibre as claimed in claim 1 , 
wherein the fibre includes a core structure and 
a coating thereon, the coating including the 
helically extending means. 

3. An optical fibre as claimed in claim 2, 
60 wherein the coating includes a raised helical 

rib, 

4. An optical fibre as claimed in claim 2, 
wherein the coating includes a helical depres- 
sion. 

65 5. An optical fibre as claimed in claim 1, 



wherein the fibre includes a core structure and 
a coating thereon, the core structure including 
the helically extending means. 

6. An optical fibre as claimed in claim 5, 
70 wherein the core structure was drawn from an 

eccentric preform whilst spinning the preform. 

7. An optical fibre as claimed in claim 1 
wherein, the fibre includes a core structure and 
a coating thereon, either the coating following 

75 a helical path around the core structure, or the 
core structure following a helical path with the 
coating, whereby to provide the helically ex- 
tending means. 

8. An optical fibre as claimed in claim 7 
80 wherein the helical path resulted from circu- 
larly oscillating a coating nozzle through which 
the core structure is passed for application of 
said coating. 

9. An optical fibre as claimed in claim 1 

85 wherein the fibre includes a core structure and 
a coating thereon, the helidal extending means 
having been provided in the coating by an 
embossing process. 

10. An optical fibre as claimed in claim 2 
90 wherein the coating is of a material requiring 

curing after application thereof and the heli- 
cally extending means was provided in the 
coatings by rotating a curing light source 
around the fibre. 
95 1 1 . An optical fibre as claimed in claim 1 
wherein the fibre includes a core structure and 
a coating thereon and wherein the helically ex- 
tending means comprises an additional elon- 
gate element helically wound on the coated 

100 core structure. 

12. An optical fibre as claimed in claim 2, 
the coating having been deformed by passing 
the fibre between two pairs of embossing 
tools driven in quadrature. 

1 05 13. An optical fibre as claimed in claim 1 
wherein the grating structure incorporates two 
said helically extending means whereby per- 
iodic pinching of a core of the fibre occurs 
when the fibre is pressed between a pair of 

1 1 0 smooth surfaces. 

14. An optical fibre as claimed in claim 13 
wherein the two said helically extending 
means are each comprised by a respective 
raised helical rib formed in a coating on the 

115 fibre core. 

15. An optical fibre as claimed in claim 13 
wherein the two said helically extending 
means are each comprised by a respective 
additional elongate element helically wound on 

120 a coating on the fibre core. 

16. An optical fibre as claimed in any one 
of claims 13 to 15 wherein the fibre core is a 
birefringent fibre structure and the modes to 
be coupled are two polarisation modes. 

125 17. An optical fibre as claimed in any one 
of the preceding claims and for use as a dis- 
tributed sensor, wherein the pitch of the heli- 
cally extending means varies along the length 
of the fibre. 

130 18. An optical fibre incorporating a grating 
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structure and such that the deformation re- 
quired for optical power coupling between 
modes can be achieved by producing changes 
in the pressure pertaining across the fibre 
5 transversely to its length, the grating structure 
including means extending in a substantially 
snake-like manner with respect to the length 
of the fibre. 

19. An optical fibre as claimed in claim 18, 
10 wherein the fibre includes a core structure 

with a coating thereon, the coating following a 
snake-like path relative to the core structure 
as a result of side-to-side oscillation of a coat- 
ing nozzle through which the core structure is 
15 passed for application of said coating. 

20. An optical fibre as claimed in claim 18, 
wherein the fibre includes a core structure 
with a coating thereon, the coating following a 
snake-like path relative to the core structure 

20 as a result of passing the coated fibre be- 
tween a pair of cogs with meshed teeth. 

21. An optical fibre as claimed in claim 18, 
wherein the fibre includes a core structure 
with a coating thereon, the coating following a 

25 snake-like path relative to the core structure 
as a result of introducing regular nicks ip the 
coating. 

22. An optical fibre incorporating a grating 
structure and such that the deformation re- 

30 quired for optica! power coupling between 
modes can be achieved by producing changes 
in the pressure pertaining across the fibre 
transversely to its length, the fibre including a 
core structure with a coating thereon the coat- 

35 ing being such that said pressure change re- 
sults in a pinching-type deformation of the 
core structure. 

23. An optical fibre as claimed in claim 22 
the coating having been deformed by passing 

40 the fibre between a pair of toothed cogs ar- 
ranged teeth to teeth whereby to produce a 
pinched deformation of the coating. 

24. An optical fibre as claimed in claim 22 
the coating being of beaded form as a result 

45 of modulating the diameter of a coating nozzle 
through which the fibre core is passed for 
application of the coating. 

25. An optical fibre as claimed in claim 22 
the coatings being of beaded form as a result 

50 of modulating the vertical position of a coating 
nozzle through which the fibre core is passed 
vertically for application of the coating. 

26. An optical fibre as claimed in claim 22 
the coating being of beaded form as a result 

55 of modulating the pressure of the feed of 
coating material to a coating nozzle through 
which the fibre is passed for application of the 
coating. 

27. An optical fibre as claimed in claim 22, 
60 the coating being formed from a light curable 

material and being of beaded form as a result 
of modulating the brightness of a curing light 
source. 

28. A method of manufacturing an optical 
65 fibre such that the deformation for optical 



power coupling between modes can be 
achieved by producing changes in the pressure 
pertaining across the fibre transversely to its 
length, the method including the step of pro- 
70 viding means extending helically with respect 
to the length of the fibre and comprising a 
grating structure for the fibre. 

29. A method as claimed in claim 28 
wherein the fibre includes a core structure 

75 with a coating thereon, the helically extending 
means being formed of coating material. 

30. A method as claimed in claim 29 
wherein the coating is applied by passing the 
core structure through a coating nozzle and 

80 including the step of circularly oscillating the 
coating nozzle during application of the coat- 
ing. 

31. A method as claimed in claim 29, in- 
cluding the step of embossing the helically ex- 

85 tending means on the coated core structure of 
the fibre. 

32. A method as claimed in claim 28 
wherein said step comprises helically wrapping 
an elongate element around the fibre. 

90 33. A method as claimed in any one of 
claims 28 to 32 including the step of provid- 
ing a further helically extending means 
whereby a pinching type deformation of the 
fibre can be achieved. 

95 34. A method of manufacturing an optical 
fibre such that optical power coupling be- 
tween modes can be achieved by producing 
changes in the pressure pertaining across the 
fibre transversely to its length, the method in- 
100 eluding the step of providing means extending 
in a substantially snake-like manner with re- 
spect to the length of the fibre. 

35. A method as claimed in claim 34 
wherein the fibre includes a core structure 

105 with a coating thereon, the snake-like extend- 
ing means being formed of coating material. 

36. A method as claimed in claim 35 
wherein the coating is applied by passing the 
core structure through a coating nozzle and 

110 including the step of side-to-side oscillating 
the coating nozzle during the application of the 
coating. 

37. A method as claimed in claim 35 includ- 
ing the step of embossing the snake-like ex- 

115 tending means on the coated core structure of 
the fibre. 

38. An optical fibre incorporating a grating 
structure substantially as herein described with 
reference to Figs. 1 and 2(a) to 2(e) or Figs. 

120 3a and 3b of the accompanying drawings. 

39. A method of manufacturing an optical 
fibre incorporating a grating structure substan- 
tially as herein described with reference to 
Figs. 1 and 2(a) to 2(e) or Figs. 3a and 3b of 

125 the accompanying drawings. 
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